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METHOD AND APPARATUS FOR CONTROLLING PAPER PROPERTIES IN A CALENDAR 

The present invention relates to a method as 
defined in the preamble of claim 1 and to an apparatus 
5 as defined in the preamble of claim 11 for the calen- 
dering of paper. 

In prior art, methods for the calendering of 
paper are known. Previously known are also systems for 
the control and regulation of calendering, e.g. from 

L0 specifications US 5045342, US 5743177, US 4982334, US 
4480537, US 4370923, US 4114528 and EP 0940501. As is 
known, calendering is regulated by controlling the nip 
load, calendering temperature and moistening. 

Specification US 5045342 discloses a system 

L5 for controlling the surface gloss of sheet material in 
connection with a calender, in which a sensor is used 
to measure the degree of surface gloss and the thick- 
ness of the sheet material at various points in the 
transverse direction of the sheet and, on the basis of 

20 the measurement results, the levels of temperature and 
moisture are adjusted independently of each other so 
as to achieve the desired properties. 

Specification US 5743177 discloses a system 
for controlling paper thickness in the transverse di- 

15 rection of the calender, wherein properties of the pa- 
per web, such as thickness and density, are measured 
and e.g. the calender nip pressure is adjusted on the 
basis of the measurements. Specification US 4982334 
discloses a system for controlling the calendering of 

10 sheet material wherein a given property of the sheet 
material is measured during the calendering of the 
sheet material and the measurement results are input 
into the control system of the calender. Specification 
US 4480537 discloses a method and a system for the 

;5 calendering of web material wherein the thickness and 
surface properties of the web, such as gloss and 
smoothness, are measured and the temperature and 
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thickness are adjusted in a supercalender on the basis 
of the measurements. Specification US 4370923 dis- 
closes a calender for smoothing the surface of a paper 
strip wherein the smoothness of the paper surface is 
5 measured and the force and temperature of the rollers 
touching the paper are adjusted. Specification US 
4114528 discloses a device for adjustment of the 
thickness of a web in connection with a calender. 
Specification EP 0940501 discloses a gloss control 

10 system for a supercalender/ comprising a number of 
controllable compressed air jets. 

In prior- art multi-nip calenders, the nip 
pressure is constant or increases as the paper ad- 
vances in the operating direction. 

15 A problem with prior-art methods and equip- 

ment is how to maintain a sufficiently high level of 
quality regarding the surface properties of the paper. 
Especially in on-line calendering, it has been neces- 
sary to increase the operating speed, nip pressure and 

20 calendering temperature in order to achieve a suffi- 
cient level of paper quality. The combination of high 
operating speed, high calendering temperature and high 
pressure weakens the polymer rollers of the calender 
so that they are easily damaged in long-time opera- 

25 tion. In addition, a problem regarding e.g. on-line 
calendering is that, in certain calenders used today, 
the number of calender nips is too large; for reasons 
of runnability, the number of nips should be reduced. 

The object of the present invention is to 

3 0 eliminate the above-mentioned drawbacks in connection 
with the calendering of paper. A specific object of 
the invention is to disclose a new and improved method 
and apparatus for the calendering of paper and for 
controlling the calendering process so that a desired 

35 paper quality level is achieved and maintained in all 
situations. 
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The method and apparatus of the invention are 
characterized by what is presented in the claims. 

The invention is based on a method for calen- 
dering paper using an arrangement wherein the paper is 
5 passes through one or more nips in a calender and the 
nip load, calendering temperature and/or moistening 
are adjusted by means of a regulator in conjunction 
with the nip. According to the invention, the proper- 
ties, e.g. gloss, thickness or moisture, of the calen- 

10 w dered paper, i.e. paper having passed through the nip, 
are measured by means of at least one sensor after a 
desired calender nip and the measurement results are 
passed to the regulator, and the nip load, calendering 
temperature and/or moistening in at least one, desired 

15 calender nip are adjusted by means of a regulator on 
the basis of the measurement results so that a final 
product having the desired combination of paper prop- 
erties is achieved. 

According to the invention, the calendering 

20 is preferably controlled by measuring the paper prop- 
erties substantially after each nip, after a few de- 
sired nips and/or from the final product after the 
last nip and adjusting the calendering, i.e. the cal- 
ender nips, on the basis of the measurement results* 

25 The method of the invention can also be called a 
closed- loop system of regulation/ control of a calender 
nip, wherein the nip load, temperature and/or moisture 
in each individual calender nip is adjusted on the ba- 
sis of the measurement results so that an advantageous 

3 0 operating combination and an advantageous combination 
of properties of the final product are achieved. 

In an embodiment of the invention, the prop- 
erties of the calendered paper are measured substan- 
tially after each calender nip, using at least one 

35 sensor. If several sensors are used, then they may 
form an aggregate of measuring elements. In an embodi- 
ment, the properties of the calendered paper are meas- 
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ured after at least one, predetermined calender nip, 
e.g. after the last nip. 

In an embodiment of the invention, the nip 
load, temperature and/or moisture of substantially 
5 each calender nip are adjusted on the basis of the 
measurement results . 

In an embodiment of the invention, the calen- 
der nip is controlled on the basis of the measurement 
results for the same nip. In an embodiment, the calen- 

10 der nip is controlled on the basis of the measurement 
results obtained from the final product. In an alter- 
native embodiment, the calender nip is controlled on 
the basis of both the measurement results for the nip 
in question and those for the final product. 

15 In an embodiment of the invention, the nip 

load and calendering temperature of the calender nip 
are adjusted substantially simultaneously. 

In an embodiment of the invention, nip load, 
calendering temperature and moistening of the calender 

20 nip are adjusted substantially simultaneously. 

In an embodiment of the invention, each cal- 
ender nip is controlled by means of a separate regula- 
tor, allowing the paper properties to be adjusted on a 
nip-specific basis. In an embodiment of the invention, 

25 the regulator is so placed that it is arranged to con- 
trol at least two calender nips. 

In an embodiment, each calender nip is pro- 
vided with at least one controlling element for pass- 
ing the measurement results from the sensor to the 

30 regulator, said controlling element being placed in 
conjunction with the calender nip, preferably after 
it. In a preferred embodiment, the number of control- 
ling elements is equal to the number of calender nips. 
In an embodiment, the number of controlling elements 

35 is equal to the number of regulators. In an embodi- 
ment, the measurement results are input from the sen- 
sor to a nip-specific controlling element, which 
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passes them on to a nip-specific regulator. In an al- 
ternative embodiment, only one controlling element is 
provided. 

In an embodiment, a calender nip group is 
5 formed for the calendering of paper. For the calender 
nip group, preferably a common regulator is provided. 
The calender nips in the calender can be divided in 
the top- to-bottom direction into zones, in each of 
which the temperature, nip load and/or moisture can be 

10 adjusted separately. For each nip group a common regu- 
lator may be provided, or alternatively a separate 
regulator may be provided for each nip. Alternatively, 
the load, temperature and moisture in each calender 
nip can be adjusted on a nip-specific basis in the 

15 case of a nip group. 

In an embodiment, a nip unit is formed which 
contains one separate nip substantially independent of 
the other calender nips. In this case, each nip of the 
calender together with its regulation elements is 

20 preferably a separate unit. In an embodiment, a calen- 
dering aggregate comprising one or more separate nip 
units is formed. 

In a preferred embodiment, the calendering 
can be regulated with a desired combination of control 

25 quantities (e.g. load, temperature and/ or moistening) 
by simultaneously adjusting desired calender nips to 
improve certain paper properties in the final product. 

The apparatus of the invention, i.e. calen- 
der, comprises one or more nips through which the pa- 

3 0 per has been arranged to pass, and a regulator for the 
adjustment of nip load, calendering temperature and/or 
moistening in connection with the nip. According to 
the invention, the apparatus comprises at least one 
sensor for measuring the properties of calendered pa- 

35 per after a desired calender nip and at least one con- 
trolling element for passing the measurement results 
to a regulator, by means of which the nip load, calen- 
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dering temperature and/or moisture of at least one, 
desired calender nip are controlled on the basis of 
the measurement results so that a desired combination 
of paper properties is achieved in the final product . 
5 By using the so-called closed- loop method and 

apparatus of the invention, it is possible to improve 
the controllability of calendering. The method and ap- 
paratus of the invention make it possible to produce 
paper of improved quality in respect of e.g. gloss, 

10 thickness and/or moisture, and the paper properties 
can be easily monitored and corrected during the cal- 
endering process . 

As compared with prior art, the invention 
provides the advantages of better manageability and 

15 variability as well as nip- specific controllability of 
temperature, pressure (nip load) , moisture and proc- 
essing time during the calendering process so that de- 
sired and advantageous paper properties are achieved 
without the calender rollers being damaged due to an 

20 excessively high temperature-pressure -operating speed 
combination. The invention makes it possible to simul- 
taneously adjust desired control quantities for de- 
sired nips, e.g. three or five nips, or nip groups 
during the calendering process, or alternatively to 

25 control each nip separately, in order to improve cer- 
tain properties in the final product. At the same 
time, the production efficiency of the calender can be 
improved. 

The invention provides the advantage that a 
30 higher average temperature than at present can be 
utilized in the calender, because it is possible to 
temporarily use temperatures higher than average in 
connection with the rollers without damaging the roll- 
ers . The one or more nips held at a higher temperature 
35 and the nip loads are changed regularly. The nip load 
is controlled on the basis of information obtained 
from the sensors measuring the paper properties. Thus, 
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it is possible to achieve e.g. a better production ef- 
ficiency, i.e. operating speed, or a higher degree of 
gloss of the paper. Similarly, the nip load can be 
temporarily raised to a level higher than normal in 
5 the calender. 

The control system according to the invention 
allows different nips to be alternately charged e.g. 
with a high load or temperature, at the same time dis- 
tributing the total load more evenly between different 

10 nips as a function of time, thereby extending the in- 
terval between roller surface renewals. Further, the 
invention allows the calendering temperature to be 
maximized in relation to the nip load used. 

Moreover, the invention can be used to im- 

15 prove the performance of the prior- art multi-nip cal- 
ender. The invention makes it possible to reduce the 
number of nips in the calender and yet to achieve the 
desired paper quality, which is an advantage e.g. in 
respect of runnability of an on-line calender. 

2 0 A further advantage provided by the nip unit 

embodiment of the invention is an improvement of the 
efficiency and control of the calendering and a maxi- 
mally advantageous combination of final properties* of 
the product. With this embodiment, a desired combina- 

25 tion of variables can be applied to the paper at dif- 
ferent stages of the calendering process. 

The apparatus of the invention has the ad- 
vantages of simplicity and ease of implementation. 

The method and apparatus of the invention can 

30 be applied to advantage both in multi-nip calenders 
and in so-called single-nip calenders. In addition, 
the method of the invention can be applied/utilized in 
prior -art and existing calenders after only slight 
modifications of equipment. 

35 In the following, the invention will be de- 

scribed in detail by the aid of examples of its em- 
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bodiments with reference to the attached drawings, 
wherein 

Fig. 1-3 present diagrams representing cer- 
tain embodiments of the apparatus of the invention. 
5 According to the invention, the calendering 

is controlled so as to achieve desired and advanta- 
geous final paper properties, by monitoring, i.e. 
measuring the property or properties of the paper, 
e.g. gloss, thickness and. moisture, after desired cal- 

10 ender nips, and adjusting the nip load, calendering 
temperature and moistening in connection with desired 
nips on the basis of the measurement results. 

Fig. 1 presents an embodiment of the appara- 
tus of the invention for the calendering of paper, 

15 i.e. a multi-nip calender. The calender 1 in itself is 
fully known in prior art, and it will not be described 
here in detail. The calender in Fig. 1 preferably com- 
prises several, in this embodiment five rolls 8 .and 
four calender nips 2, through which the paper web 7 

2 0 has been arranged to pass during calendering. Further, 

the calender comprises four sensors 3 disposed after 
the nips 2 to measure the properties, such as paper 
gloss, thickness and moisture, of the calendered paper 
after each nip. The sensor 3 may be any type of meas- 
25 uring device known in the art. One sensor can be used 
to measure either one paper property or alternatively 
several paper properties as in the embodiment in pre- 
sented Fig. l. If the sensor can only measure one 
property and there are more properties to be measured, 

3 0 then it is possible to use either several separate 

sensors or a known measuring apparatus comprising sev- 
eral sensors. 

The calender 1 in Fig. 1 further comprises 
four controlling elements 4 and four regulators 5 for 
35 controlling and regulating the calendering process. 
Bach controlling element 4 is connected to a corre- 
sponding sensor 3, and each regulator is connected to 
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a corresponding controlling element 4 . In addition, 
the regulator is connected to a calender nip 2 and to 
the rolls 8 on either side of the nip, and it has been 
arranged to . function so that it adjusts the calender 
5 nip 2 and/or the rolls 8 in a desired manner. The con- 
trolling elements and regulators used may be any con- 
trolling elements and/or regulators known in the art, 
and they will not be described here in detail. 

The embodiment presented in Fig. 1 has one 

10 sensor 3, one controlling element 4 and one regulator 
5 for each calender nip 2 . The sensor 3 and the con- 
trolling element 4 are disposed after the nip, while 
( the regulator 5 is placed in conjunction with the nip. 

The controlling elements 4 are connected to each other 

15 so that the measurement results from the sensors 3 are 
available to all regulators 5, so that each nip 2 can 
be controlled in a desired manner on the basis of ei- 
ther nip-specific measurement results and/or the meas- 
urement results for the final product. 

20 In the embodiment of the apparatus in Fig. 1, 

a paper web 7 is passed through the nips 2 of a multi- 
nip calender in a top-to-bottom direction, and desired 
paper properties are measured by means of a sensor 3 
after each nip 2. The measurement results are taken by 

25 the controlling element 4 from the sensor 3 to the 
regulators 5, and the nip load, calendering tempera- 
ture and moistening affecting the paper passing 
through each nip is adjusted by means of the regula- 
tor. By monitoring the paper quality, the regulation 

30 of the calender nip can be directed towards the 
achievement of paper having the desired properties . 
The quantities controlling the regulation of the cal- 
ender nip are in this case gloss, thickness and mois- 
ture of the paper. 

35 Fig. 2 presents an embodiment of the appara- 

tus of the invention, a so-called single-nip calender 
for the calendering of paper. In this embodiment, the 
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calender 1 comprises three separate nips 2 independent 
of each other, which are designated as nip units 6. A 
nip -unit 6 thus comprises two rolls 8 and a calender 
nip 2 between them. The calender assembly consists of 
5 nip units 6, in this case three nip units. In other 
respects, the embodiment of the apparatus presented in 
Fig. 2 corresponds to that in Fig. 1, in other words, 
after each nip 2 there is a sensor 3 for the measure- 
ment of paper properties and a controlling element 4 

10 for passing the measurement results to the regulator 
5. The regulator is placed in conjunction with the nip 
and it serves to regulate the load, temperature and 
moisture in the calender nip. 

Fig. 3 presents a multi-nip calender accord- 

15 ing to the invention, comprising a nip group. In this 
embodiment, the nip group comprises four calender nips 
2 and one regulator 5, which has been arranged to con- 
trol all four nips 2 either in batch or on a nip- 
specific basis, adjusting each nip 2 separately. The 

20 nip group further comprises four sensors 3 and con- 
trolling elements 4, one of each being placed after 
each nip 2. In an alternative embodiment, each nip 
group may have only one controlling element 4, in 
which case the controlling element is arranged to pass 

25 the measurement results after each nip 2 from the sen- 
sor 3 to the regulator 5. The calender 1 may also com- 
prise more than one nip group. 

The method of the invention for the calender- 
ing of paper can be utilized in both traditional cal- 

3 0 endering and in so-called single-nip calendering, 
where the paper is passed through one or more separate 
nips. In an alternative embodiment, the calendering is 
controlled by regulating the relation of roll tempera- 
ture to nip pressure, which makes it possible to moni- 

35 tor the temperature and pressure load on the rolls and 
to shift it in a desired manner to avoid damage to the 
rolls. In another embodiment, the calendering can be 
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controlled by regulating the calendering effect on the 
paper, e.g. by applying the effect via temperature 
mainly to the surface of the paper, e.g. gloss, or via 
nip pressure to the bulk of the paper, e.g. roughness. 
5 The method and apparatus of the invention are 

applicable as different embodiments for the manufac- 
ture of different paper sorts by calendering. Further- 
more, the method and apparatus of the invention are 
applicable for controlling the calendering process so 
10 as to achieve a product having the desired properties. 

The embodiments of the invention are not lim- 
ited to the examples described above; instead, they 
may be ' varied within the scope of the following 
claims . 



15 
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CLAIMS 

1 . Method for the calendering of paper by an 
arrangement where the paper is passed via one or more 
nips in a calender and the nip load, calendering tem- 

5 perature and/ or moistening are adjusted by means of a 
regulator provided in conjunction with the nip, 
characterized in that the properties of the 
calendered paper are measured after a desired calender 
nip and the nip load, calendering temperature and/or 
10 moistening in at least one, desired calender nip are 
adjusted on the basis of the measurement results so 
that a desired combination of paper properties is 
achieved in the final product . 

2. Method as defined in claim 1 7 charac- 
15 terized in that the properties of the calendered 

paper are measured substantially after each calender 
nip. 

3 . Method as defined in claim 1 or 2 , 
characterized in that the properties of the 

2 0 calendered paper are measured after at least one, pre- 
determined calender nip. 

4. Method as defined in any one of claims 1 - 

3, characterized in that the nip load, tem- 
perature and/or moisture in substantially each calen- 

2 5 der nip are adjusted on the basis of the measurement 
results . 

5. Method as defined in any one of claims 1 - 

4, characterized in that the calender nip is 
controlled on the basis of the measurement results for 

30 the same nip. 

6. Method as defined in any one of claims 1 - 

5, characterized in that the calender nip is 
controlled on the basis of the measurement results ob- 
tained from the final product. 

35 7. Method as defined in any one of claims 1 - 

6, characterized in that the nip load and 
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calendering temperature of the calender nip are ad- 
justed substantially simultaneously, 

8 . Method as defined in any one of claims 1 - 

7, characterized in that the nip load, calen- 
5 dering temperature and moistening in the calender nip 

are adjusted substantially simultaneously. 

9. Method as defined in any one of claims 1 - 

8, characterized in that each calender nip is 
controlled by means of a separate regulator. 

10 10. Method as defined in any one of claims 1 

- 9, characterized in that at least two cal- 
ender nips are controlled by means of one regulator. 

11. Apparatus for the calendering of paper, 
said apparatus comprising one or more calender nips 

15 (2) and a regulator (5) for controlling the nip load, 
calendering temperature and/or moistening in connec- 
tion with the nip (2) , characterized in that 
the apparatus comprises at least one sensor (3) for 
measuring the properties of the calendered paper after 

2 0 a desired calender nip (2) and at least one control- 

ling element (4) for passing the measurement results 
to the regulator (5) , by means of which the nip load, 
calendering temperature and/ or moistening in at least 
one, desired calender nip (2) are adjusted on the ba- 
25 sis of the measurement results so that a desired com- 
bination of paper properties is achieved in the final 
product . 

12. Apparatus as defined in claim 11, 
characterized in that at least one sensor (3) 

3 0 is placed substantially after each calender nip (2) to 

measure the paper properties. 

13. Apparatus as defined in claim 11 or 12, 
characterized in that at least one sensor (3) 
is placed after the last calender nip (2) to measure 

35 the properties of the final product. 

14. Apparatus as defined in any one of claims 
11 - 13, characterized in that at least one 
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controlling element (4) is placed after each calender 
nip (2) . 

15 . Apparatus as defined in any one of claims 
11 - 14, characterized in that the control - 

5 ling element (4) is so disposed that it is arranged to 
pass the measurement results after at least two calen- 
der nips (2) to the regulator (5) . 

16. Apparatus as defined in any one of claims 
11 - 15, characterized in that at least one 

10 regulator (5) has been arranged to control the nip 
load, calendering temperature and/or moistening sub- 
stantially in each calender nip (2) on the basis of 
the measurement results. 

17. Apparatus as defined in any one of claims 
15 11 - 16, characterized in that a regulator 

(5) is placed in conjunction with each calender nip 
(2) . 

18. Apparatus as defined in any one of claims 
11- 17, characterized in that the regulator 

20 (5) has been arranged to control at least two calender 
nips (2) . 

19. Apparatus as defined in any one of claims 
11 - 18, characterized in that the apparatus 
comprises a calender nip group, which is controlled 

25 substantially simultaneously. 
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